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ABSTRACT
A large number of steel plants have been set up in India and they are producing several million tonnes of iron and steel. However,
the production of iron and steel is always associated with the generation of waste materials like air cooled slag, steel slag,
granulated slag and flyash etc. These materials arc posing serious problems of disposal and causing environmental pollution. Road
Construction is one such sector where these materials can be utilised in bulk. CRRI started a few projects sponsored by Steel
Authority of India Limited (SAIL). and all these materials were tested on a big scale in CRRI laboratory. Based on the success of
laboratory results. various combinations were tried in the field and fmally a road was constructed. This road has been monitored
regularly for surface unevenuess and pavement structural strength. This paper gives the results of extensive laboratory
investigations and performance of the road.
KEYWORDS
Steel Industry, Waste Material, Roads. Construction, Stabilisation

INTRODUCTION

aggregates. In order to explore the possibility of using these
byproducts and to address many issues related to the use of
the same as a road pavement material, a research study was
taken up by CRRI.

The shortage of good quality construction materials, rising
transportation costs and increasing environmental and
societal constraints have spurred the need to develop more
cost effective construction methods and materials. Wastes
and byproducts generated by industry arc among the
materials currently receiving the attention as partial or full

This paper presents laboratory and field investigation studies
which were carried out to evolve suitable mixes of different
slags with additives like flyash and lime, to the use them in

replacement for aggregates. The use of such aggregates may

base or subbase layer of a road pavement.

•

avoid the use of conventional aggregates

•

result in economic gains to the indust:I}' generating the

PHYSICAL &
SLAGS

•

byproducts. and
result in environmental improvement to industry and
society

The steel industry wastes such as air cooled blast furnace
slag, steel slag and granulated slag are such aggregates which
due to their unique properties are widely being used in
countries like Australia, Holland, U.K. and Belgium etc.
However the same arc not being exploited in our country due
to little or no experience with the behaviour of such
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CHEMICAL

CHARACTERISTICS OF

Blast Furnace Slag:
Blast furnace slag consists essentially of silicates and
alumino-silicates of lime and of other bases produced
simultaneously with iron in a blast furnace. The iron ore is
actually a mixture of oxides of iron, silica and alumina, and
the chemical reaction within the blast furnace reduce the iron
oxides to iron, and silica and alumina compounds combined

with calcium form the slag.
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When air cooled blast furnace slag is crushed and screened,
its physical properties make it particularly suitable as an
aggregate both coated and uncoated. It breaks to give a
consistenlly good cubical shape: properties, good adhesion to
cement and bituminous binders and low coefficient of
thermal expansion. It's high resistance to abrasion and
crushing. moderate bulk density and angularity ensures good
pavement resistance and stability.
Steel Slag:
The manufacture of steel involves the removal from the iron,
the excess quantities of carbon and silicon by oxidation, and
the addition of small quantities of other constituents that are
necessary for imparting special properties to the steel. Slag
from steel making processes have a very different
composition from those produced in blast furnaces. having a
much lower alumina and silica content and are being
relatively much richer in lime and they contain significant
amount of iron oxides.
Steel slag is a very dense hard material. ll crushes readily to
a suitable particle shape and produces an excellent aggregate
with high crushing strength, low abrasion valne and excellent
skid resistance.

When molten slag is cooled rapidly by means of high
pressure water jets and excess of water is maintained. crystals
have no time to form and it solidifies as glass and breaks
down to a coarse sand like material. This material is known
as granulated slag because it takes the form of small
granules. It has marked hydraulic setting properties when
ground to powder and mixed with alkaline activating agent.
Experimental work has been carried out to use slag as a
binder in gravel slag and all slag mixes and it has shown that
granulated slag in association with a catalyst sets by a
hydration process. The setting of slag in a mix consists of
partial dissolution of certain ions under alkaline condition
followed by recrystallisation in a structured system of
hydrated silicates and aluminates of cakimn. The reactive
properties of grdllulatcd slag depends upon temperature of
slag before granulation. chemical composition. granulation
condition and process of firing.

DEVELOP-

Keeping in view the self stabilisation characteristics of
granulated slag. mixes of gravel-slag and all-slag were
evolved. These mixes behave like semi-rigid materials and
can be used as a base or subbase layer of a road pavement.
Using these specifications France has constructed
successfully several thousand kilometers of roads catering to
of moderate
to heavy
Australia,
the need
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In order to develop suitable mixes of different solid wastes,
detailed laboratory investigations were carried out. The
laboratory testing programme was designed to assess the
extent of stabilisation or strength gain with time, obtained
with the mixes of gravel and granulated slag, aircooled slag
and granulated slag; granulated slag and lime; granulated
slag, flyash and lime and air cooled slag, steel slag and
granulated slag etc. The mixtures were blended to provide a
grading which meets the best gradation requirement. In order
to optimise the above proposed mixes, the various
combinations of the same were tested before arriving at the
best mix. The results of the best mix for all the above
combinations arc given at Table I.
The results of the above studies have clearly established that
mixes of gravel and granulated slag and also the all slag
mixes in combination which flyash and lime make a strong
matrix and hence can be used as subbase or base layer of a
road pavement.

CONSTRUCTION
OF
EXPERIMENTAL
ROAD
SECTIONS AND THEIR STRUCTURAL EVALUATION

Granulated Blast Furnace Slag:

LABORATORY INVESTIGATIONS FOR
MENT OF MIXES USING VARlOUS SLAGS

Holland and U.K. etc. have also carried out research work in
this direction and constructed a large length of roads using
steel plant wastes.

order to construct test sections with different
specifications, a box type trench was made. The trench was
about 2.5m wide with an approximate depth of 35 ems.
Before laying the different mixes, the trench was compacted
In

with a 8-10 ton power roller. The mixes of no.l to no.6 were

mixed manually using spade and hoe until there was a
llllifonn mixing of lime and other waste materials. In case of
no.6, 7 & 8, where a large number of materials were to be
mixed, a concrete mixer was used. All the above mixes were

cured in the field for a period of about I month before
testing. The curing was achieved by light sprinkling of water
at frequent intervals.

PLATE LOAD TEST AND DISCUSSION OF TEST DATA
In order to
structurally evaluate the different
specifications/test sections, plate load tests were conducted
on each section using a 30cm diameter plate. The load
deflection values were recorded by applying incremental
loads. Since with an ordinary trunk, only limited maguitude
of load reactions can be obtained, a heavy 35 tonne dumper
was used for carrying out plate load test. By comparing the
load carrying capacity values of different test sections, it is
possible to assign the relative ratings of different test
sections. The load deflection data obtained from plate load
tests on different layers was also analysed assuming a two
layer elastic theory (popularly known as Burmistor two layer
theory) with constant E value of the subgrade. Based on
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Table I. Results of CBR & UCS of the Various Mixes of Air Cooled Slag, Steel Slag, Granulated Slag
and Fly ash with Different Percentages of Lime & Curing Periods
Sr.
No

Mixes

I
2

40% Gravel : 60 % GBFS
36o/o Grdvel : 60o/o: 4% Lime
96% GBFS : 4% Lime
78% : 20 GBFS : 2% Lime
76% GBFS : 20% Flyash : 4% Lime
50% BF Slag : 20% Steel Slag : 20%
GBFS : I 0% Flyash
50% BF Slag : 20% Steel Slag : 20%
GBFS : 8% Flyash : 2% Lime
50% BF Slag : 20% Steel Slag : 20%
GBFS : 6% Flyash : 4% Lime

3

4
5
6
7
8

Max. mDry
Density grnlcc

CBR

1.82
1.80
1.54
1.86
1.67
2.24

43
130
76
30
209
120

2.22
2.21

Unconfined Compressive Strength (Kg/em )
7 days
28 days
90 days

Ul

45
23
20
46
1.2

67
39
30
48
1.3

200

6.7

18.2

36.20

235

9.9

21.2

45.50

22
9
13

Table 2. Results of Plate Load Test
Test Section
No.

Average Load on 30cm dia plate at two deflection values. kg.
2.0mm deflection

At 1.5mm deflection
Subgrade
I
2
3
4
5
6
7
8

500
500
500
500
500
500
500
500

Subbase

Subgmde

3500
11250
5250
7000
7500
4000
9500
11700

750
750
750
750
750
750
750
750

Burmistor's two layer theory. the modulus of elasticity for
different specifications were worked out and are given in
Table 2. Based on plate load tests, ratings for different test
sections have been assigned. Such mtings can be useful in
selecting an appropriate mix.

ROAD CONSTRUCTION USING VARIOUS SLAGS
Based on the success of test track I km road was constructed
in 1995 ncar Rourkela using various waste materials such as
steel slag, iron slag, GBFS. llyash etc. TI1e road is being
observed periodically using Dipstick Profilomctcr and
Benkelman Beam. Till now. the results arc encouraging and
the road
is International
working Conference
very welL
All Histories
the cracks
and depressions
Fourth
on Case
in Geotechnical
Engineering
Missouri University of Science and Technology
http://ICCHGE1984-2013.mst.edu

Modulus values of
different materials 'E'
kg/em' (at 1.5mm)

Ratings based on
load carrying
capacity

Subbase
4000
6500
8500
9000
6250
11000

20000
60000
67000
130000
160000
15000
400000
640000

VIII
II
VI

v
IV
VII
III
I

etc. arc well wilhin the specified limits of Indian Roads
Congress (JRC)

CONCLUSIONS
Based on above studies it can be concluded that the steel
plant byproducts such as air cooled blast furnace slag, steel
slag and granulated slag can be used as road pavement
materials.
The studies also clearly indicate that a suitable combination
of gravel and granulated slag possess considerably good
strength and hence the mix can be used in the lower layers of
the road pavement
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The laboratory investigations have also indicated that
granulated slag does not posses self stabilisation
characteristics, however. with the addition of small amount
of lime, the hydraulic characteristics of GBFS gets activated
and hence GBFS in combination with lime acts as an
hydraulic binder. It was also found during investigation that
approximately 2 to 4 percent lime is sufficient to stabilise the
mix and excess addition of lime reduces the strength of the
matrix.
Granulated slag in proper combination .with flyash and lime
yields excellent results and the mix can be used in the
subbase/base layers of road pavement.
The mix of blast furnace slag, steel slag, granulated slag and
flyash in combination with lime can be used in base course
layer of a road pavement The mix initially behave like an
unbound material, however, with time due to the self
stabilisation characteristics of slags turns into a bound
material
The construction of a small test tr<1ck has proved that the
various combination of steel plant solid by products can be
easily mixed even manually and if compacted properly would
yield very high strength as compared to conventionally used
materials. Based on plate load tests, ratings for different test
sections have been assigned. Such ratings can be useful in
selecting an appropriate mix.
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